RCA Transmitting Tube 
Operating Considerations 

The following operating considerations for 
RCA transmitting tubes are intended for use with 
the data sheets on individua 1 tube types given 
in the Handbook. Operating considerations 
unique to a particular tube type are not in¬ 
cluded in this presentation but are covered by 
the Handbook data sheets for the given type. 

RATINGS 


Refer to the General Section of the Hand¬ 
book for a detailed discussion on Rating Systems 
and Tube Ratings. 


CLEANING 

As with other high-voltage equipment, it is 
essential that external parts of power tubes 
be kept free from accumulated dirt and moisture 
to minimize surface leakage and the possibility 
of arc-over. 

Some tube configurations contain re-entrant 
areas at the edge of the insulator seals. 
Particular care should be taken to prevent 
foreign matter from coming in contact with these 
areas. Unless adequately protected by filtered 
air, these areas collect dirt rapidly as a 
result of electrostatic forces and the nature 
of the air circulation around the tube. 

The external parts of the tube should peri¬ 
odically be wiped free of dirt. A recommended 
procedure for cleaning ceramic-metal tubes is 
as follows: 

1. Remove silicone grease or similar material 
by use of acetone, or equivalent. 

Caution: Do not al low s i 1 icone grease or 
similar materials to remain on any rf 
contact surfaces. Severe burning of the 
contact surfaces of cylindrical-terminal 
types will occur if the contact fingers 
do not mate firmly with clean metal 
contact surfaces. 
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2. Clean rf contact surfaces with a very 
fine grade of silicon carbide abrasive 
pad, or equivalent. 

Caution: Do not permit the cleaning pad 
to come in contact with the ceramic 
surfaces. Rub gently to prevent removal 
of plating. 

COOLING CONSIDERATIONS 

Tube life can always be extended by maintaining 
envelope temperatures substantially below the 
maximum temperature ratings. 

The user is cautioned that typical cooling 
characteristics in the published data are 
offered only as a guide, and that maximum 
envelope temperatures in the intended operation 
are the final rating criteria. 

Temperature measurements of the tube enve¬ 
lope must be made to insure operation within 
maximum ratings. For glass-bulb types, the 
bulb "hot-spot" must be located with the tube 
operating in its intended application. A 
simple technique for locating the "hot-spot" 
in low-power, receiving-type tubes is to apply 
a low-temperature-melting paint, such as 
Tempilaq2 t to the entire bulb surface; the 
point at which this material first begins- to 
melt is the hottest point on the bulb. For 
most power tubes, however, this technique is 
not satisfactory be cause ofradiation effects. 
Therefore, it is recommended that a thermo¬ 
couple be moved over the envelope to locate 
the hottest point on the bulb. (Although the 
individual thermocouple readings are not 
precise, the relative readings are sufficient. ) 
Spots of various higher temperature Tempilaq 
paints may then be applied only to the hottest 
area; the lowest Tempilaq paint which will not 
melt must be at or below the maximum temperature 
rating. See Ref. 1. In general, the hottest 
point of a ring terminal is at the seal or 
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junction of the terminal and its adjacent 
glass or ceramic insulator. For some tube 
types the temperature measurement points are 
specified on the Dimensional Outline in the 
published data. 

All types of heat transfer—radiation, 
convection, conduction, and combinations 
thereof—are employed in the various cooling 
techniques: natural, forced-air, liquid, and 
conduction cooling. 

Natural Cooling— This method is generally used 
for glass-bulb types having plate dissipation 
ratings up to about 300 watts. 

Temperature should be measured at the 
hottest point on the bulb using techniques 
previously discussed. 

Adequate free space around the tube is 
required for all natural cooled types. Avoid 
reflective heat surfaces such as tube shields. 
These and other design considerations affecting 
natural methods of cooling are described in 
Ref.2. 

Forced-Air Cooling— 

Glass-Bulb-Types —Forced-air cooling may 
be applied to glass-bulb types to enhance the 
convection cooling and reduce bulb temperature. 
In some glass-bulb types, ratings are given for 
both natural and forced-air cooling. (The 
ratings with forced-air cooling reflect the 
higher permitted value of dissipation.) In 
general, any natural-cooled type may require 
some forced-air cooling if operation is near 
the maximum ratings or if limited space is 
available around the tube. The final decision 
can be made only after temperature measure¬ 
ments are made to insure operation below the 
maximum temperature rating. 

Radiator Types— The external plate con¬ 
struction lends itself to compactness, higher 
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frequency operation, increased power capability 
and in tense-cooling techniques. Because thi 
plate is part of the envelope, transfer of 
heat by radiation from the plate to the enve¬ 
lope is eliminated. The simplest intense¬ 
cooling technique is forced-air. All RCA 
forced-air-cooled, external-plate types contain 
integral radiators, which are brazed, pressed, 
or otherwise secured to the plate to insure 
intimate thermal contact. 

Most of the heat within an electron tube 
is generated at the plate; additional heat 
generated from the other electrodes migrates 
to the plate. Precaution, however, must be 
taken to insure that none of the other termi¬ 
nals exceed their maximum rated temperature 
value. It may be necessary to direct some 
forced air across these terminals. 

In general, there are two basic types of 
radiators: the stacked-disc type of finned 

radiator for TRANSVERSE FORCED-AIR COOLING, 
and the radial-fin type of radiator for AXIAL 
FORCED-AIR COOLING. 

Transverse Cooling— Air flow is directed 
across the radiator from an orifice in a plane 
normal to the major axis of the tube and at 
the center of the radiator. More efficient 
cooling may be accomplished by providing a 
cowling to direct and confine the air. Pressure 
drop across the radiator itself is normally 
insignificant. Typical cooling characteristics 
for transverse cooling, such as shown in Fig.1, 
are given in the published data. The following 
steps illustrate the use of the chart: 

1. Estimate probable Plate Dissipation from 
electrical conditions, locate as point 
"A" on the abscissa axis (80 watts in 
example), and erect a perpendicular line 
■ac". 

2. Determine temperature rise by subtracting 
estimated incoming-air temperature 
(assume 36°C in example) from estimated 
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tube operating temperature (assume 200°C 
in example), locate the determined value 
(200°C-36°C = 164°C in example) as point 
"B" on the ordinate axis, and construct 
horizontal line "be". 

3. Determine air flow by interpolating the 
air flow curves at the intersection of 
lines "ac" and "be”, point "C" (16 cfm 
in example). 


Axial Cooling— Air flow is directed through 
the radiator by suitable ducts. Air flow may 
be in either direction unless otherwise 
specified. Typical cooling characteristics 
for axial cooling, such as shown in Fig.2, are 
given in the published data. The following 
steps illustrate the use of the chart: 

1. Select a tube operating temperature as 
discussed in this section, locate as 
point "A" on the abscissa (assume 200°C 
in example), erect perpendicular line 
"ab", extend this line unti1itcrosses 
the estimated plate dissipation curve 
(240 watts in example) for temperature 
(solid line), and designate aspoint ”B”. 

2. Determine air flow by constructing a 
horizontal line "be" from point ”B” to 
the ordinate axis and designate point "C" 
(3.5 cfm in example). 

3. Determine the pressure drop across the 
radiator for the air flow in (2), locate 
point "D” on line "be" at the estimated 
plate dissipation curve (240 watts in 
example) for pressure drop (dashed line), 
construct a perpendicular line “de" to 
the abscissa axis, designate as point 
"E", and read pressure drop (0.24 inch 
of water in the example). 

See Ref. 3 for detailed information on the 
blower requirements for fo reed-ai r - coo led tube s. 
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FIG.2 - EXAMPLE OF TYPICAL COOLING CHARACTERISTICS 


® RADIO CORPORATION OF AMERICA trams, tube opr. 

Electronic Components and Devices Harrison, N. J. CONS. 2-65 















RCA Transmitting Tube 
Operating Considerations 


Liquid Cooling— The liquid-cooling system con¬ 
sists, in general, of a source of cooling 
liquid, a feed-pipe system which carries the 
liquid to the water jacket surrounding, and 
provision for interlocking with the power 
supplies the liquid flow through the cooling 
courses. A more sophisticated system would 
also contain a liquid regeneration loop, flow 
regulators, and gages. For more detailed 
information on 1 iquid-coo 1ing systems, see 
Refs. 4 and 5. 

Proper functioning of the coolant system 
is of the utmost importance. Even a momentary 
failure of the liquid flow may damage the tube. 
Without coolant the heat of the filament or 
heater alone maybe sufficient to cause serious 
harm to some tube types. It is necessary, 
therefore, to provide a method of preventing 
tube operation in case the coolant supply 
should fail. A suitable method is the use of 
coolant-flow interlocks which open the power 
supplies when the flow is insufficient or 
ceases. If there is an interruption of the 
power supplies, it is then necessary to return 
the filament or heater voltage to zero and to 
restart in the normal manner described in the 
published data. The coolant flow must start 
before application of any voltage and continue 
for several seconds after removal of all 
v o 11 a ge s . 

The absolute minimum coolant flow required 
through the system is given in the published 
data. Under no circumstances should the 
temperature of the coolant at any outlet ever 
exceed the maximum value given in the published 
data. 

When the coolant fluid is water and the 
tube is used in equipment under conditions such 
that the ambient temperature is below 0°C, 
precautions should be taken to prevent the 
water from freezing in the system. 
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Use Of Water as Coolant— For availability 
and ease in handling, water is recommended as 
the coolant wherever possible. It is of 
utmost importance to maintain a high quality 
of water in the cooling system. Contamination 
in the water will hasten scale formation, 
corrosion, and excessive electrolysis; anyone 
of these conditions can greatly reduce tube 
1 i fe. 

Use of Liquids other than Water as Coolant- 
When ambient temperatures fall below 0°C, it 
is possible to use coolants such as ethylene¬ 
glycol-water solution and FC75b. Neither of 
these two coolants is as effective a coolant 
as water, therefore, the plate dissipation and 
flow data must be modified from that given for 
water. A more extensivediscussion of ethylene- 
glycol-water solution and FC75 as coolants is 
given in Ref.4. For information on the use of 
any coolant for which ratings are not given in 
the data, contact your RCA field representative 
or the nearestDistriet Sales Office. A coolant 
such as oil will require a special plating on 
the metal of the tube envelope, such as nickel 
and rhodium to protect the metal surfaces from 
chemical attack. 

Conduction Cooling— The conduction-cooling 
system consists, in general, of a constant 
temperature device (heat sink) and suitable 
heat-flow path (coupling) between the heat 
sink and tube. Primary consideration of the 
system should be given to the design of a heat- 
flow path (coupling device) with high thermal 
conductivity. 

Heat Sink— The heat sink should be designed 
to act as a cons tant-temperature device to pre¬ 
vent any increase in temperature by dissipating 
the heat beyond the equipment compartment. Heat 
sinks can take the form of solids or liquids. 
In most applications such a heat sink is 
available in the form of equipment chassis, 
plate line, or output cavity. 
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Coup 1 ing —There are numerous insulating 
materials available to serve as the heat¬ 
coupling device, such as beryllium oxide 
(beryllia) c , high-aluminum oxide (high-alumina), 
mica, and other insulating bodies. Since the 
thermal conductivity of these insulators varies 
considerably, the choice of insulator will 
depend primarily on the plate dissipation in 
the given application. For a detailed dis¬ 
cussion on conduction cooling, see Ref. 6. 

In hf operation the inductive element of 
the plate circuit is usually arelatively long 
coil, which does not provide a good thermal 
path from plate to chassis. Larger shunt 
capacity can be tolerated, however, and heat 
can be conducted through a portion of it to 
the chassis. In uhf operation the permissible 
shunt capacity of the plate circuit is limited, 
but the inductive element is short and can 
usually be made with sufficient cross-sectional 
area to form an excellent thermal path. In 
vhf operation a careful compromise of the above 
is required to obtain adequate rf performance 
and reasonable cooling. 


PRECAUTIONS 

The voltages at which power tubes are oper¬ 
ated are extremely dangerous. Protection cir¬ 
cuits must be provided which will protect oper¬ 
ation and maintenance personnel, protect the 
tube in theevent ofabnormal circuitoper- 
ation, and protect the tube circuits in the 
event of abnormal tube operation. Power tubes 
require mechanical protective devices such as 
interlocks, relays, and circuit breakers. 
Circuit breakers alone may not provide adequate 
protection in certain high-power-tube circuits 
when the power-supply filter, modulator, or 
pulse-forming network stores considerable 
energy. Additional protection may be provided 
by the use of high-speed electronic circuits 
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or electronic "crow-bars" to bypass the fault 
current until mechanical circuit breakers are 
opened. 

Great care should be taken during the adjust¬ 
ment of circuits. The tube and its associated 
apparatus, especially all parts which may be 
at high potential above ground, should be 
housed in a protective enclosure. The pro¬ 
tective housing should be designedwith in ter - 
locks so that personnel cannot possibly come 
in contact with any high-potentia 1 point in 
the electrical system. The interlock devices 
should function to break the primary circuit 
of the high-voltage supplies and discharge 
high-voltage capacitors when any gate or door 
on the protective housing is opened, and 
should prevent the closing of this primary 
circuit until the door is again locked. 

ELECTRICAL CONSIDERATIONS 

Cathode— -RCA transmitting tubes use a wide 
variety of cathodes. All utilize thermionic 
emission and should be operated at a constant 
temperature. 

Refer to the General Section of the Hand¬ 
book for a detailed discussion on TYPES OF 
CATHODES AND THEIR USE. 

Filament or Heater— The rated filament or 
heater voltage shouId be app1ied for the heat¬ 
ing time specified in the published data to 
allow the cathode to reach normal operating 
temperature before voltages are applied to 
other electrodes. 

The life of the cathode can be conserved by 
adjusting to the lowest filament or heater 
supply voltage that will give the desired 
performance. In general, the filament or 
heater voltage values given in the published 
data include the maximum value and the typical 
value. Exceeding the maximum value will damage 
or severely shorten the life of the cathode. 
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The filament or heater voltage should be 
adjusted to the typical value initially, then 
reduced to provide satisfactory tube per¬ 
formance; any further reduction wi 11 show some 
degradation. 

Good regulation of the filament or heater 
voltage about the value found above is, in 
general, economically advantageous from the 
view-point of tube life. When the rated value 
is shown with a percentage value in the published 
data, the percentage value indicates the 
tolerable momentary fluctuations from the 
rated value. For longer life, especially at 
higher operating frequencies, these fluctuations 
should be reduced by improved power supply 
regulation. 

The cathode may be subjected to back bom¬ 
bardment as the frequency is increased with 
resultant increase in temperature. In pulse 
types back bombardment normally need not be 
considered when the duty factor is small. How¬ 
ever, higher duty factors increase the possi¬ 
bility of this effect. In any event, the 
filament or heater supply voltage should be 
reduced as described above. 

Standby Operation— During standby periods, 
the tube may be operated at decreased filament 
or heater voltage to conserve life. It is 
recommended that the filament or heater voltage 
be reduced to no less than 80 per cent of 
norma 1 during standby periods of up to 2 hours. 
For longer periods, the filament or heater 
voltage should be turned off. 

Filament Overvoltage Pulse Circuits—In 

certain battery-operated equipment, such as 
emergency-type, remote-area, or mobile applica¬ 
tions, it is of utmost importance to conserve 
battery power. Quick-heating RCA power tubes 
provide useful power outputs within about one 
second from a cold start. This fast "warm-up" 
feature eliminates the need for standby filament 
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protective circuit to prevent possible damage 
to the tube filament from repeated applications 
of overvoltage with insufficient time for the 
filament to cool between transmissions. Both 
filament voltages are obtained from the 
transmitter power supply. Power is supplied 
simultaneously to the transmitter and timer 


PRIMARY 

POWER 


TRANSMITTER 
POWER SWITCH 


MAIN POWER ' 
SWITCH 



V—QUICK-HEATING VACUUM POWER TUBE 
Ef, — FILAMENT OVERVOLTAGE 

Ef2—RATED FILAMENT VOLTAGE 92CS-I240I 

FIG.4 - BASIC RECEIVER-TRANSMITTER WITH AUXILIARY 
"HOT-SHOT" CIRCUIT 


by the " pUSh-to-ta1 k" microphone switch. The 
transfer switch, which is initially connected 
to the filament overvoltage source, is switched 
by the timer to the rated filament voltage 
source in the required time (pulse duration) 
after application of power to the transmitter. 


Before a "hot-shot" circuit can be designed 
for a quick-heating tube, it is necessary to 
establish maximum ratings for the peak voltage 
(on the order of 2 to 3 times the rated filame.nt 
voltage) and duration of the filament over¬ 
voltage pulse for the desired heating time. 
Filament overvoltage pulse ratings are given 
in the published data on quick-heating tube 
types. 
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Any "hot-shot" circuit design must provide 
protection against the application of the 
filament overvoltage pulse to a hot filament. 

It is recommended that a dummy filament, 
simulating the resistance of the specific tube 
type, be used in the initial testing or checking 
of a "hot-shot" circuit design. Otherwise, any 
fault —especia 1ly an excessive pulse duration 
can cause catastrophic failure of the tube. 

Plate Voltage Suppl y—Power-amplifier tubes 
usually obtain plate voltage from rectifiers 
provided with suitable filter circuits, although 
batteries or local dc generators are sometimes 
used, especially in portable and mobile 
equipment. 

A time-delay relay should be provided in 
the plate-supply circuit to delay application 
of plate voltage until the filament or heater 
has reached normal operating temperature. 

An interlocking relay system should be 
provided to prevent application of plate voltage 
prior to the application of sufficient bias 
voltage and/or rf drive to grid No. 1; otherwise, 
with insufficient bias, the resultant high 
plate current may cause excessive plate dissi¬ 
pation with consequent damage to the tube. 
RF-load shorts or other causes of high output 
VSWR may also cause high dissipations, ex¬ 
cessive voltage gradients, or insulator flash- 
overs. The VSWR should be monitored and the 
detected signal used to actuate the interlock 
system to remove the plate voltage in less than 
10 milliseconds after the fault occurs. 

In beam power tubes with closely spaced 
electrodes, extremely high-voltage gradients 
occur even with moderate tube operating 
voltages. Consequently, momentary fault 
currents may cause catastrophic failure unless 
protection is provided. A series impedance in 
the plate lead is recommended. A resultant 
plate impedance, which will provide a plate- 
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voltage-supply regulation of no better thar 
10 per cent, is usually sufficient. 

Grid-No.2 Voltage Supply -“The grid No.2 must 
be protected by a time-delay and interlocking 
relay similar to the p1 ate-vo11age-supp1y 
protection described for Plate Voltage Supply. 
The plate voltage should be applied simul¬ 
taneous ly wi th or before the grid-No.2 voltage; 
otherwise, with voltage on grid No.2 only, 
grid-No.2 current may be large enough to cause 
excessive grid-No.2 dissipation. If the grid- 
No.2 voltage is obtained from the plate voltage 
supply, these precautions will have been 
a ccomp1ished. 

Grid-No.2 current is composed of a positive- 
current component resulting from cathode 
emission to grid No.2 and a negative-current 
component resulting from secondary-emission 
phenomena. Because the net result of these 
component currents is read on a meter in the 
grid-No.2 circuit, grid-No.2 dissipation can 
not be accurately determined. Operation 
similar to conditions given under Typical 
Operationin the published data will minimize 
the possibility of exceeding maximum dissi¬ 
pation . 

In tubes wi th precision-aligned grids, such 
as Cermolox tubes, the grid-No.2 circuit must 
be capable of maintaining the proper grid-No.2 
voltage in the presence of moderate negative 
dc current as well as normal values of positive 
current. Complete protection can be achieved 
by the use of a well-regulated power supply, 
a grid-No.2-to-ground impedance that is low 
enough to prevent gradual build-up of grid-No.2 
voltage and/or catastrophic build-up (runaway) 
under negative-current conditions, and a cur¬ 
rent-overload relay to protect the grid No.2 
against positive or negative currents on the 
order of one-tenth the required plate current. 
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Grid-No. I Voltage Supply “The grid-No.l bias 

ircuit should preferably be adjustable to 
permit small variations of grid-No.l voltage. 
This bias adjustment will permit setting the 
desired plate current, and it will minimize 
variations in tube performance. Sufficient 
fixed bias or cathode resistor bias should be 

rovided to protect the tube in the event that 
the drive signal is lost. 

The design of the bias-voltage supply should 
include an instantaneous over-current relay. 
The action of the over-current relay and the 
inherent regulation of the supply should be 
iuch that no damage to the tube or supply will 
result from an accidental short at the tube 
connection or from an internal tube fault. 

The rf-power-input transmission line should 
be provided with VSWR protection to remove 
drive power as well as plate (and grid No.2) 
voltage within 10 milliseconds in the event 
of abnormal changes in input VSWR during 
operation. 

CLASSES OF SERVICE 

AF Power Amplifiers —The current and power 
values in the Maximum Ratings are averaged over 
any audio-frequency cycle of sine-wave form. 
The driver stage should be capable of supplying 
at low distortion the No.l grid(s) with the 
value of peak af voltage given in the Typical 
Operation of the published data. In no case 
should the Grid-No.1-Circuit Resistance exceed 
the value specified under Maximum Circuit 
Values. Transformer or impedance coupling 
devices are recommended. 

Individual bias adjustment for each tube 
(unit) should be used to balance the loading 
and minimize distortion. In push-pull operation 
the bias of each tube (unit) should be adjusted 
to divide the value of zero-signal plate cur¬ 
rent in the published data equally between the 
two tubes (units). 
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Except for class A amplifiers, the average 
plate and grid No.2 currents vary with the am¬ 
plitude of the driving signal. Hence, serious 
distortion and inadequate power output will 
result with large input signals unless the 
plate and grid-No.2 power supplies are well 
regula ted. 

Class A —This class normally does not draw 
grid-No.l current or requires tube driving 
power and can employ simple cathode bias. 
Where class A 2 (indicating grid-No.l current 
flows during part of the cycle) is specified, 
the grid-No.l circuit precautions discussed 
under class AB 2 operation will apply. 

Cl ass AB |—The subscript 1 in class AB^ 
indicates that grid-No.l current does not flow 
during any part of the cycle. 

Class Band Class AB2 —These classes normally 
draw grid-No.l current (indicated by the sub¬ 
script 2 in AB 2 ) with large signals and, there¬ 
fore, require tube driving power. To minimize 
distortion, the grid-No.1 bias supply preferably 
should be regulated or held to a low value of 
effective resistance. Transformer coupling 
should be used. 

RF Power Amplifiers or Oscillators —On modern 

ceramic-meta 1 envelope types, the frequency 
selected is usually the maximum value at which 
reasonable gain and efficiency are obtained. 
In glass-envelope types, the maximum frequency 
is selected as the frequency above which 
excessive rf envelope losses require voltage 
deratings and reduced efficiency requires 
input deratings. 

Driving power values given in the published 
data include only the power that must be 
delivered to the tube and bias supply. The 
term, "driving power", is normally used only 
at low frequencies where circuit losses are 
small. 


RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. J. 






RCA Transmitting Tube 
Operating Considerations 


Where Driver-Power Output is shown in the 
iblished data, the rf losses associated with 
a typical input circuit are also included. 

In cathode-drive circuits, a portion of the 
driver-power output and the developed rf power 
output act in series to supply the load circuit. 
T f the driving power is increased, the output 
ill always increase. In a grid-drive circuit, 
a saturation effect takes place; i.e., above 
a certain value of driving voltage and current, 
the output increases very slowly and may even 
decrease. It is important to recognize this 
•Hfference and not try to saturate a cathode- 
rive stage; otherwise, the maximum grid-No.l 
and grid-No.2 input may easily be exceeded. 

Parasitic oscillations may be experienced 
under certain operating conditions. Such 
oscillations result in erratic performance and 
may cause damage to the tube and/or associated 
circuitry. Operating conditions and external 
circuits should be adjusted for operation 
without oscillations. References 10 and 11 
are suggested for further information on the 
detection and suppression of parasitic oscil¬ 
lations. 

Class C PIate-Modu1ated-Power Amplifiers— 

In plate-modulated class C amplifier service, 
"he tube can be modulated 100 per cent. The 
y rid-No.2 voltage must be modulated simul¬ 
taneously with the plate voltage so that the 
ratio of grid-No.2 voltage to plate voltage 
remains constant. 

Grid-No.2 voltage should be obtained pre- 
'erably from a separate source modulated from 
a separate winding on the modulation trans- 
f ormer. 

Bias voltage may be obtained from a grid- 
No.l resistor, but preferably is obtained from 
a combination of grid-No.1 resistor with either 
ixed supply or cathode resistor to protect 
the tube in the event the drive signal is lost. 



RADIO CORPORATION OF AMERICA 
Electronic Components and Devices Harrison, N. J. 


TRANS. TUBE OPR. 
CONS. 10, 2-65 





RCA Transmitting Tube 
Operating Considerations 


In cathode-drive, plate-modulated, class C rf 
power amplifier service, the tube can be modulated 
100 per cent if the rf driver stage is simultaneously 
modulated 100 per cent. Care should be taken to in¬ 
sure that the driver-modulation and amplifier- 
modulation voltages are exactly in phase. 

Class C CW Power Amplifiers —In class C rl 

telegraphy service, the tube may generally 
be suppliedwith bias by any convenient method: 
from fixed supply, by grid-No.l resistor, by 
cathode resistor, or by combination methods. 
However, when the tube is used in the final 
amplifier or a preceding stage of a trans¬ 
mitter designed for break-in operation and 
oscillator keying, an amount of fixed bias 
must be used to limit the plate current and, 
therefore, the plate dissipation to a safe 
value. Some fixed bias is preferred in any 
event to protect the tube in case the drive 
signal is lost. 

Grid-No.2 voltage should be obtained pre¬ 
ferably from a separate source. It can also 
be obtained from the plate-supply voltage with 
a voltage divider, or through a series resistor. 
A series grid-No.2 resistor should be used 
only when the tube is used in a circuit which 
is not keyed. 

Linear RF Power Amplifiers —The classes of 
operation suitable for linear rf power ampli¬ 
fiers include: class A, class ABj, class AB 2 , 
class B with bias, and class Bwith zero bias. 
Class A operation is the more nearly linear, 
but it is also the least efficient. Applica¬ 
tion is generally limited to 1ow-power-leve1 
amplification. Class AB^ produces the best 
compromise for linearity, efficiency, and gain. 
Class AB 2 or class B operation provides higher 
output for applications where sufficient 
driving power is available to permit some 
"swamping", and where linearity requirements 
are less stringent. Class Bzero-bias operation 
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with suitable high mu triodes may be used when 
adequate driving power is available. 

In general, grid-No.2 voltage should be 
obtained from a separate, well-regulated source. 
In circuits where the grid-No.l current is 
drawn, a separate, well-regulated source is 
also required. 

(1) - Single-Sideband, Suppressed Carrier 
ServiCe— Single sideband suppressed carrier 
operation is a form of linear amplifier service 
in which only one sideband is transmitted, and 
the carrier is suppressed. 

The values of Distortion Products Level 
given under Typical Operation in the published 
data are referenced to either of the two tones 
for "two-tone" modulation and are without the 
use of feedback to enhance linearity. 

(2) - Class B and Class C Television 
SerVice— -Te 1 evision is a form of linear 
amplifier service in which the rf carrier is 
modulated by a video signal. Typical operation 
is given at conditions of a specified band¬ 
width measured between the half-power points. 

The values for the pertinent parameters 
given under Typical Operation in the published 
data are given at the synchronizing (sync) 
level and pedestal level (black level or 
blanking level). 

(3) - Class B Telephony Service —Class B 
telephony service is a form of linear amplifier 
service in which the grid is excited with an 
rf carrier that is modulated at audio frequen- 
cies in one of the preceding stages. Under 
these conditions, plate dissipation is greatest 
when the carrier is unmodulated. Grid bias 
should be obtained from a dc voltage source 
of good regulation. 

Pulsed RF Amplifiers and Oscillators —This 
service consists of the generation and ampli¬ 
fication of an rf signal, the envelope of 
which is a waveform limited to intermittent 
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pulses of defined shape, duration, and repe¬ 
tition frequency. Pulse duration and dut> 
factor are sometimes limited directly by the 
maximum ratings. More frequently, the maximum 
ratings define a relationship between these 
factors as a maximum "CSV" time in a given time 
interval in order to cover pulse-train inputs. 
Typical operation, in general, is given foi 
conditions with a rectangular waveshape pulse 
of a given duration and duty factor. For 
operation at pulse durations or duty factors other 
than those given in the published data, see 
Ref. 12. 

In the amplifier service, the power suppl> 
pulses should preferably start shortly after 
and end shortly before the rf drive pulse to 
reduce the possibility of parasitic oscillations. 
If the rf drive pulses are "gated" within the 
power-supply pulses (the rf drive pulse starts 
shortly after and ends shortly before the 
power-supply pulses), the desired "gate" 
conditions should be observed carefullywhen no 
rfdrivepulse is present to be assured that no 
oscillations are present. 

The peak input energy required during the 
pulse is normally obtained fromcapacitor banks 
that must store many times this peak value to 
prevent excessive voltage droop. Consequently, 
it is particularly important to observe all the 
precautions for limiting tube input during faults 
which are described under Grid-No.2 Voltage 
Supply. 

Pulse-Modulated RF Amplifiers —This service 
consists of the simultaneous amplification and 
pulse modulation of a cw rf signal. If differs 
from the other more conventional modulated rf 
amplifier services in that the modulating wave¬ 
form is limited to intermittent pulses of defined 
shape, duration, and repetition frequency. 
This type of amp 1ification/modu1 ation is 
normally done at low power levels; hence, few 
power tubes are rated specifica 11yfor this 
service. 
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Pulse Modulator Service— The tube supplies a 
modulation signal consisting of intermittent 
pulses of defined shape, duration, and repetition 
frequency. Ratings, waveforms, and precautions 
are similar to those given for pulsed rf ampli¬ 
fier service (except there is no rf drive 
s i gn a 1). 

Observation of the exact waveforms must be 
made with an oscilloscope. In this manner, 
transient voltage or current spikes caused by 
unavoidable circuit reactances may be observed. 
Transient values must be held within the maximum 
ratings given in the published data. 

High-power pulse modulators, when used to 
"clip" or "flat-top" the output waveform by 
the overdriving technique, must provide grid- 
No.l and grid-No.2 input protection. 

Plate current flow during the "OFF" time 
will contribute to plate dissipation; the bias 
voltage should be sufficient to hold the plate 
current below the required levels for any tube. 
The control limits, such as found in the 
Characteristics Range Values will provide 
information in determining the required bias. 
Current flow during the rise time and the fall 
time of a "rectangular" pulse can contribute 
significantly to plate dissipation; this current 
flow should be considered if the theoretical 
plate dissipation is close to the rated value. 

Voltage Regulator Service —The tube acts as a 
"pass tube" having a controllable voltage drop 
in a series-regulated voltage-supply circuit. 
The plate voltage rating can be interpreted as 
applying to the actual pi ate-to-cathode voltage 
of the tube rather than the supply voltage. 
In this case, adequate protective devices must 
be used to protect the tube in the event of a 
shorted load. Special precaution should be 
made to observe the maximum circuit values for 
grid-No.l and grid-No.2 impedance. For infor¬ 
mation on voltage regulator circuits, see Refs. 
13,14, and 15. 
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It is recommended that only tube types rated 
for this service be used since the use of a high 
power vacuum tube in a high-voltage, low-current 
application will frequently result in the 
selection of a tube inadequately controlled in 
the low-current region. 

a Made by the Tempil Corp., 132 W. 22nd Street, 
New York 1, New York. 

k Manufactured by the Fluorchemical Division, 
Minnesota Mining and Manufacturing Co., 900 
Bush Avenue, St.Paul 6, Minnesota. 

c Warning: Beryllia dust and fumes are highly 
toxic to mucous membranes and may cause 
serious ulcers when imbedded under tne skin. 
See References 7, 8, and 9. 
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